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Abstract 
ZnO nanopowder has been applied for the efficient synthesis of substituted 2,4,6-triaryl pyridines 
through the reaction of acetophenones, benzaldehydes and ammonium acetate in good to excellent 
yields. The net result is a powerful strategy for the synthesis of substituted pyridine scaffolds. 
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1. Introduction  
Nowadays, development of simple, efficient and environmentally-benign organic transformations 
catalyzed by cheap and reusable metals or their salts, avoiding harsh acidic or basic conditions have 
received great demand. In this area the use of zinc oxide as the inexpensive catalysts, has been found to 
be a highly efficient and mild catalyst for some important organic reactions [1]. In addition zinc oxide is 
one of the most attractive materials widely used in photo detectors, gas sensors, solar cells and transparent 
conductors [2]. In recent years, the use of zinc oxide nanostructures has become a significant area of 
research in organic reactions and has been shown to improve yield and purity of the products [3]. 
Compounds containing pyridine rings are of considerable interest in the synthesis of pharmacological 
and biologically active materials. For examples these structures show different activities such as 
anesthetic, antimalarial, antioxidant, anticonvulsant, antibacterial and antiparasitic properties [4]. 
Therefore, preparation of pyridine derivatives has been attracted considerable attention from the past and 
in recent years.  
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Despite their importance from pharmacological and synthetic point of view, comparatively methods 
for the preparation of 2,4,6-triaryl pyridines (commonly named as Krohnke pyridines) have been reported 
in the literature [5]. Newly of these methods is the cyclo-condensation reaction of acetophenones, 
benzaldehydes and NH4OAc using conventional heating and refluxing approaches in the presence of 
Brønsted and Lewis acid catalysts [6]. 
The overall aim of this study is to develop and validate an efficient protocol for the synthesis and easy 
purification of 2,4,6-triaryl pyridines from the cyclo-condensation reaction of acetophenones, 
benzaldehydes and NH4OAc in the presence of zinc oxide nanopowder as an efficient catalyst (Scheme 1). 
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Scheme 1. Preparation of 2,4,6-triaryl pyridines using ZnO nanopowder 
2. Experimental 
All reagents were purchased from Merck and Aldrich and used without further purification. All yields 
refer to isolated products after purification. The NMR spectra were recorded on a Bruker Avance DPX 
300 and 400 MHz instrument. The spectra were measured in DMSO-d6 relative to TMS (0.00 ppm). IR 
spectra were recorded on a PerkineElmer 781 spectrophotometer. Melting points were determined in open 
capillaries with a BUCHI 510 melting point apparatus. TLC was performed on silica gel polygram SIL 
G/UV 254 plates. 
2.1.  Typical Procedure: 
To a mixture of benzaldehyde (1 mmol), 4-bromoacethophenone (2 mmol) and ammonium acetate (1.3 
mmol) was added ZnO nanopowder [purchased from Merck Co.: APS<50 nm; SSA>60 m2g-1; white 
powder] (0.62 mmol, 80 mol %) and mixture was heated at 120 oC in an oil bath for the appropriate time 
(Table 2). The progress of the reaction was monitored by TLC. After completion of the reaction, mass 
was cooled to 25 oC and the mixture was dissolved in CH2Cl2. The catalyst was removed by simple 
filtration. Solvent was evaporated and the solid product was purified by recrystallization procedure in 
ethanol. More purification can be occurred by recrystallization in hexane. Selected data:  
2,6-bis(4-bromophenyl)-4-(4-chlorophenyl)pyridine (2a): IR (KBr, cm-1): 1655, 1593, 1487, 1402, 
1328, 1215, 1096, 1032, 1006, 982, 814; [Found: C, 55.33; H, 2.85; N, 2.84 C23H14Br2ClN; Requires C, 
55.29; H, 2.82; N, 2.80%]; 1H-NMR (300 MHz, DMSO-d6): į = 7.53 (d, J = 8.5 Hz, 2H), 7.79 (d, J = 8.7 
Hz, 4H), 7.94 (d, J = 8.5 Hz, 4H), 7.98 (s, 2H), 8.11 (d, J = 8.6 Hz, 2H) ppm; 13C NMR (75 MHz, 
DMSO-d6): į= 123.3, 128.3, 129.8, 131.5, 131.6, 132.7, 134.4, 136.1, 137.2, 143.9, 189.1 ppm. 
2,6-bis(4-bromophenyl)-4-(4-fluorophenyl)pyridine (3a): IR (KBr, cm-1): 1658, 1592, 1505, 1411, 
1330, 1210, 1159, 1107, 1070, 997, 819; [Found: C, 57.21; H, 2.97; N, 2.94 C23H14Br2FN; Requires C, 
57.17; H, 2.92; N, 2.90%]; 1H-NMR (400 MHz, DMSO-d6): į = 7.30 (t, J = 8.8 Hz, 2H), 7.72-7.82 (m, 
5H), 7.88 (s, 1H), 7.92-8.02 (m, 4H), 8.10 (d, J = 8.4 Hz, 2H) ppm; 13C NMR (100 MHz, DMSO-d6): į= 
116.3, 116.5, 122.0, 127.8, 131.0, 131.7, 131.72, 131.8, 131.9, 132.3, 136.9, 143.7, 162.7, 165.2, 188.6 
ppm. 
2,6-bis(4-bromophenyl)-4-(4-methoxyphenyl)pyridine (4a): IR (KBr, cm-1): 3002, 2931, 1655, 1591, 
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1509, 1459, 1330, 1303, 1255, 1214, 1171, 1032, 1006, 981, 818; [Found: C, 58.27; H, 3.49; N, 2.86; 
C24H17Br2NO; Requires C, 58.21; H, 3.46; N, 2.83%]; 1H-NMR (400 MHz, DMSO-d6): į = 3.82 (s, 3H), 
7.02 (d, J = 8.4 Hz, 2H), 7.71-7.87 (m, 8H), 8.08 (d, J = 8.4 Hz, 4H) ppm; 13C NMR (100 MHz, DMSO-
d6): į= 55.9, 114.9, 119.6, 127.5, 127.7, 130.9, 131.4, 132.2, 137.3, 145.0, 162.0, 188.6 ppm. 
3. Results and discussion 
Initially, the cyclo-condensation reaction of 4-bromoacetophenone, 4-chlorobenzaldehyde and 
NH4OAc was chosen as a model and the influence of ZnO nanopowder as catalyst was examined to find 
the optimal conditions for the reaction (Table 1). As revealed in Table 1, in the absence of catalyst no 
product was obtained (Table 1, Entry 1). Our investigations show that the use of catalyst is unavoidable 
for this transformation. 
Among the tested solvents such as methanol, ethanol, water, dichloromethane and solvent-free system, 
condensation of 4-bromoacetophenone (2 mmol), 4-chlorobenzaldehyde (1 mmol) and ammonium acetate 
(1.3 mmol) is more facile and proceeded to give highest yield, under solvent free conditions (Table 1, 
Entries 2-6). 
Table 1. Optimization of the reaction conditions in the preparation of 2,6-bis(4-bromophenyl)-4-(4-chlorophenyl)pyridine 
Entry Catalyst (mol %) T (°C) Solvent Time (min) Yield (%)a 
1 - 120 - 120 - 
2 80 Reflux H2O 300 - 
3 80 Reflux CH2Cl2 240 86 
4 80 Reflux Methanol 270 81 
5 80 Reflux Ethanol 300 78 
6 80 120 - 120 88 
7 80 150 - 110 84 
8 80 100 - 180 76 
9 80 80 - 240 50 
10 80 r.t. - 480 - 
11 100 120 - 180 75 
12 45 120 - 150 85 
13 148 120 - 140 83 
aIsolated Yield  
 
Next, the effect of temperature and amount of catalyst on the rate of the reaction was investigated 
(Table 1, Entries 7-13). It was found that the reaction using ZnO nanopowder (0.62 mmol; 80 mol %) at 
120 °C provided the best yield (Table 1, Entry 6). The results are summarized in Table 1.  
We then investigated the reaction scope of this catalytic system and its tolerance of functional groups 
in the case of other acethophenone and benzaldehyde derivatives. As shown in Table 2, the optimized 
reaction conditions were applicable to various substrates. Whether using various acethophenones or 
various benzaldehydes, ZnO nanopowder efficiently promoted the reaction with good to excellent yields. 
Moreover, ZnO is a very cheap Lewis acid, so this method can be utilized for an economical preparation 
of 2,4,6-triaryl pyridines.  
To shows the utility of nano structures than that bulk state of ZnO, a model reaction of 4-
chlorobenzaldehyde (1 mmol), 4-bromoacetophenone (2 mmol) and ammonium acetate (1.3 mmol) in the 
presence of bulk ZnO has been established (Scheme 2).  
As revealed from our investigations, In the presence of bulk ZnO product was obtained in high yield but 
in longer reaction time than that ZnO nanopowder due to higher specific area of nanomaterials. 
To exhibit the merit of the present work in comparison with previously reported results, we compared 
results of H14[NaP5W30O110] (6a), SiO2-HClO4 (6b), [HO3S(CH2)4MIM][HSO4] (6c), I2 (6d) and wet 
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2,4,6-trichloro-1,3,5-triazine (TCT) (6g) in the synthesis of 2,4,6-triaryl pyridines. As shown in Table 3, 
ZnO can act as an effective catalyst with respect to reaction times and the yield of the product. 
 
NH4OAc, 120 oC
HO
Cl
CH3O
Br
+
N
BrBr
Cl
Bulk ZnO (0.62 mmol)
solvent-free
Time: 140 min
Yield: 85%  
Scheme 2. synthesis of 2,6-bis(4-bromophenyl)-4-(4-chlorophenyl)pyridine in the presence of bulk ZnO as catalyst 
Table 2. Preparation of 2,4,6-triaryl pyridine derivatives using ZnO nanopowder 
Product Acethophenone  Aldehyde  Time (min) Yield (%)a 
1a 4-Bromoacethophenone Benzaldehyde  135 86 
2a 4-Bromoacethophenone 4-Chlorobenzaldehyde 120 88 
3a 4-Bromoacethophenone 4-Fluorobenzaldehyde 100 91 
4a 4-Bromoacethophenone 4-Methoxybenzaldehyde 90 95 
5a 4-Chloroacethophenone Benzaldehyde  105 87 
6a 4-Chloroacethophenone 4-Methylbenzaldehyde 150 85 
7a 4-Chloroacethophenone 4-Chlorobenzaldehyde 135 83 
8a 4-Methoxyacethophenone Benzaldehyde 45 75 
9a 4-Methoxyacethophenone 4-Methylbenzaldehyde 30 82 
10a 4-Methoxyacethophenone 4-Chlorobenzaldehyde 45 78 
11a 4-Methoxyacethophenone 4-Nitrobenzaldehyde 20 83 
12a 4-Hydroxyacethophenone Benzaldehyde  30 86 
aIsolated Yield 
Table 3. Synthesis of 2,4,6-triarylpyridines using different catalysts 
Entry Catalyst Condition Time (min) Yield (%)a 
1 ZnO solvent-free; 120 °C 20-150 75-95 
2 H14[NaP5W30O110] solvent-free; 120 °C 210-420 50-98 
3 SiO2-HClO4 solvent-free; 120 °C 240-360 68-88 
4 [HO3S(CH2)4MIM][HSO4] solvent-free; 120 °C 90-220 82-93 
5 I2 solvent-free; 120 °C 360 48-61 
6 wet 2,4,6-trichloro-1,3,5-triazine (TCT) solvent-free; 130 °C 240-450 58-86 
aIsolated Yield 
 
In conclusion, we have presented a highly efficient and powerful method for the preparation of 2,4,6-
triaryl pyridines catalyzed by ZnO nanopowder. The reactions were carried out under solvent-free 
conditions with short reaction times and produce the corresponding products in good yields. The present 
methodology offers several advantages such as good yields, simple procedure, shorter reaction times and 
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milder conditions and the products were purified without resorting to chromatography. 
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